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An attempt was made to determine whether mitral re•
gurgitation could be detected and its severity evaluated 
semiquantitatively by newly developed real-time two•
dimensional Doppler flow imaging in 109 patients who 
underwent left ventriculography. In the Doppler flow 
imaging technique, Doppler signals due to blood flow in 
the cardiac chambers are processed using a high speed 
autocorrelation technique, so that the direction, velocity 
and turbulence of the intracardiac blood flow are dis•
played in the color-coded mode on the monochrome B•
mode echocardiogram in real time. Mitral regurgitant 
flow was imaged as a jet spurting out from the mitral 
valve orifice into the left atrial cavity. It was noted that 
the regurgitant jet in the left atrial cavity had a variety 
of orientations and dynamic features when studied by 
the present technique. The sensitivity of the technique 
The newly developed real-time two-dimensional Doppler 
flow imaging technique (1-5) enables one to observe and 
record the two-dimensional aspects of intracardiac blood 
flow topography in real time. It is expected that this tech•
nique will yield new information on valve regurgitation 
unobtainable by other techniques. In the present study, an 
attempt was made to estimate the severity of mitral regur•
gitation using this new technique. 
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in the detection of mitral regurgitation was 86% as com•
pared with that of left ventriculography. Mitral regur•
gitation in the false negative cases was mostly mild. 
On the basis of the farthest distance reached by the 
regurgitant flow signal from the mitral valve orifice, the 
severity of regurgitation was graded on a four point scale 
and these results were compared with those of angiog•
raphy. A significant correlation (r = 0.87) was found 
between Doppler imaging and angiography in the eval•
uation of the severity of mitral regurgitation. A similar 
result was obtained for the evaluation based on the area 
covered by the regurgitant signals in the left atrial cavity. 
Thus, noninvasive semiquantitative evaluation by real•
time two-dimensional Doppler flow imaging appears to 
be a promising clinical technique. 
(J Am Coli Cardiol 1986;7:82-8) 
Methods 
Study patients. One hundred twelve consecutive pa•
tients who had valvular heart disease or coronary heart dis•
ease underwent real-time two-dimensional Doppler flow im•
aging and left ventriculography between September 1983 
and March 1984. Their diagnoses were documented by his•
tory, physical examination. electrocardiography, phonocar•
diography, chest X-ray film, echocardiography, cardiac 
catheterization and angiocardiography including left 
ventriculography. 
The Doppler recording was inadequate in three patients 
because ultrasound penetrated poorly through the chest wall. 
These 3 cases were excluded and the remaining 109 patients 
were the subjects of the study. Their age ranged from 16 
to 74 years (average 51.3). Left ventriculography demon•
strated mitral regurgitation to be severe in 16, moderate to 
severe in 15, moderate in 21, mild in 25 and absent in 32 
of the 109 patients. 
In addition to these 109 patients, 20 healthy individuals, 
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whose age ranged from 22 to 46 years (average 34. I ) were 
also examined as control subjects. 
Doppler equipment. The equipment used was a real•
time two-dimensional Doppler flow imaging system, an 
ALOKA XA-54 prototype (4,5). The pulsed Doppler mech•
anism was incorporated in a real-time wide-angle phased 
array system. The ultrasound frequency used was 2.5 MHz 
and the pulse repetition rate was 4 kHz. The details on the 
equipment have been reported elsewhere (3,5). 
Figure 1. Changes in apparent regurgitant volume by alteratIOn, 
in gain control. By increasing the gam from low (A) to high (el. 
the extension of area in the left atrium indicating mitral regurgI•
tation increased, but did not mcrease with further gam mcrease 
(D). In the case of the highest gain (D), whIte background noise 
appeared. Therefore, the optimal gam for imagmg intracardiac 
blood flow as well as for detecting the extension ot the area of 
regurgitant signal; was the level at which white background noise 
began to appear faintly (C). 
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Blood flow information, that is, flow direction, flow ve•
locity and velocity spectrum variance that was related to 
flow turbulence, from each site over the cardiac chamber 
was imaged two-dimensionally in the color-coded mode at 
the same site in the monochrome echocardiogram of the 
heart in real time. The flow direction toward the transducer 
was expressed in red and that away from the transducer in 
blue. The velocity at each site was measurable up to 2 kHz, 
which meant that the measurable magnitude of velocity was 
60 cmls in the beam direction. It was represented by in•
creasing the brightness of the color on a step scale of 250 
Hz beginning from the lowest grade that was not colored 
on the screen to the highest grade of 8. High velocity beyond 
the upper limit of measurable range caused color reversal, 
corresponding to aliasing in the spectrogram based on the 
fast Fourier transform analysis (5). Regarding the velocity 
spectrum variance, green was added to each color in pro•
portion to the extent of turbulence. Accordingly, as the 
variance increased, the color hue shifted from red to yellow 
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Figure 2. Mitral regurgitant flow in a 42 year old woman with 
rheumatic mitral stenosis and insufficiency. Top left panel, Blue 
signals or a mosaic of blue and yellow signals were recorded 
spreading from the mitral orifice into the left atrial (LA) cavity 
indicating the mitral regurgitant (MR) flow. These signals spread 
from the mitral orifice in a teardrop shape in this parasternal long•
axis view. The schematic drawing is shown on the right. Middle 
t ;; Zteas;c:: 
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. --.. 
left panel, Regurgitant signals spreading from the center of the 
mitral orifice directed toward the left atrial (LA) posterior wall 
(short-axis view). The schematic drawing is shown on the right. 
Bottom panel, Regurgitant signals recorded as a bidirectional 
wide-band spectrum by pulsed Doppler spectrogram. Ao = aorta; 
ECG = electrocardiogram; LV = left ventricle; PCG = phono•
cardiogram; SV = sample volume. 
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and from blue to cyan for the blood flows toward and away 
from the transducer, respectively. 
Dynamic features of the intracardiac blood flow were 
observed continuously in the cine mode. The equipment 
was designed to obtain an electrocardiogram-gated still pic•
ture of intracardiac flow topography and the conventional 
Doppler frequency spectrogram by the fast Fourier trans•
form analysis at any desired site in the visual field. 
Gain control. In the present system, the gain adjustment 
is important in assessing the severity of mitral regurgitation. 
If the gain is set low, blood flow is not adequately imaged. 
As mentioned later, the color gain apparently influences the 
extent of the area indicating mitral regurgitant flow signals; 
the area is diminished when the gain is set low and enlarged 
when the gain is set high. However, when the gain is set 
higher than a certain level, the area no longer increases and 
white background noise appears. When the gain is further 
increased, the extent of the area of regurgitant signals cannot 
be observed because of noise (Fig. I). The optimal gain for 
imaging intracardiac blood flow and determining the extent 
of the area of regurgitant signals is the level at which white 
noise begins to appear faintly. In our study the equipment 
was adjusted at such a gain level. 
Recording technique. Doppler examination was per•
formed within 5 days, generally within 24 hours before left 
ventriculography. The examination procedures were the same 
as those for conventional two-dimensional Doppler echo•
cardiography. Mitral regurgitation was observed from var•
ious approaches, including the parasternal long-axis, par•
asternal short-axis and apical views. 
The left atrial cavity was carefully searched for mitral 
regurgitant signals spurting from the mitral orifice in sys•
tole. using a monitor of the real-time flow image. When the 
mitral regurgitant signals were detected, the examiner looked 
for the cross section in which the extent of the regurgitant 
signal from the mitral orifice was maximal, shifting and 
tilting the transducer carefully. All flow images were re•
corded on video tape and this tape was used for the analysis. 
The farthest distance reached by the regurgitant signals from 
the mitral orifice and the area covered by the regurgitant 
signals were measured in the five beats of the recordings. 
The area of regurgitant signals was measured by the com•
puter-assisted planimeter. The average of the five beat mea•
surement was used for further analysis. These measurements 
were made by an examiner who did not know the results 
of angiography. 
Ventriculograms for comparison were evaluated by a 
radiologist who did not know the Doppler findings. and the 
severity of mitral regurgitation was graded according to the 
classification of Sellers et al. (6): I + (mild), 2 + (mod•
erate), 3 + (moderate to severe) and 4 + (severe). The cor•
relation between grading on the ventriculogram and that on 
the Doppler imaging was examined statistically by the 
Spearman's rank correlation method. 
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Figure 3. Unusual mitral regurgitant jet in a 58 year old woman 
with rheumatic mitral valve disease. There are two regurgitant jet 
streams (colored blue) arising simultaneously from the mitral ori•
fice. One of them is directed laterally and the other medially in 
the apical vIew. Abbreviations as in Figure 2. 
Results 
General description of Doppler signals. In cases of 
mitral regurgitation, during systole, bluish signals or a mo•
saic of blue and red signals were recorded from the mitral 
valve orifice into the left atrial cavity by the parasternal 
approach (Fig. 2). These signals spread from the valve ori•
fice in a teardrop shape. Although regurgitant flow signals 
were usually colored blue in the apical view, the central 
zone of the signal area from the valve orifice showed a 
mosaic pattern of blue and red. This pattern was assumed 
to mean that the central zone of the regurgitant flow had a 
high velocity (see Addendum). 
The regurgitantfiow signals continued throughout systole 
in most cases. Although the Doppler signals due to valve 
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motion are usually excluded by the equipment, the flow 
image was sometimes contaminated with the valve signal 
when the latter was very powerful relative to the flow signal 
in both patients and healthy control subjects (5). In the 
control subjects the duration of the valve signal generally 
did not exceed 50 ms. Movement of the blood accompanying 
valve motion seemed to continue for a short time after valve 
motion. Therefore, unusual Doppler signals within 100 ms 
in early systole were sometimes not judged to be mitral 
regurgitant signals, although these artifacts were usually 
differentiated from the regurgitant flow signals without dif•
ficulty on the real-time image. In the present study, only 
unusual Doppler signals with a duration of 150 ms in early 
systole were considered to be significant. 
Figure 4. Severity of mitral regurgitation determined by Doppler 
flow imaging on four grade scales compared with that obtained 
by left ventriculography. There is a satisfactory correspondence 
between the results of the two methods. Severity of regurgitation 
by Doppler imaging was determined from the farthest distance 
from the mitral orifice reached by the regurgitant signals as shown 
in the schema in the lower panel. Four point scale classification 
based on 1.5 cm stepwise increases in distance. The correlation 
coefficient was 0.87 (Spearman's rank correlation method). Ab•
breviations as in Figure 2. 
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In one patient with rheumatic mitral regurgitation, it was 
demonstrated that two jet streams arose simultaneously from 
the same site on the mitral valve orifice and spread in two 
different directions (Fig. 3). 
Sensitivity and specificity. To evaluate the diagnostic 
efficacy of the new technique, a comparative study with left 
ventriculography was performed. Of 77 cases that showed 
mitral regurgitation on the left ventriculogram, regurgitant 
flow signals were detected in 66 cases by the present tech•
nique (sensitivity 86%). Of 32 cases that did not show 
regurgitation on the left ventriculogram, regurgitant signals 
were never detected (specificity 100%). Mitral regurgitation 
in the II false negative Doppler cases was mostly mild on 
the ventriculogram. 
Grading of severity of regurgitation. Grading on the 
basis of the attained distance. The severity of regurgitation 
was graded on the basis of the maximal distance from the 
valve orifice attained by the regurgitant signals. This dis•
tance was measured at mid-systole on the video tape recorder 
screen and averaged for five successive beats, excluding any 
premature beat. In cases of a bifid regurgitant jet, the farthest 
distance attained by the larger jet was measured. In cases 
in which regurgitant signals were observed in the initial and 
final halves of systole, the half farthest from the valve orifice 
attained by the regurgitant signals was used for further analysis. 
The cases of mitral regurgitation were classified on a 
four point scale according to the distance of regurgitant 
signals from the valve orifice: less than 1.5 cm = 1 + 
(mild), 1.5 cm or more and less than 3.0 cm = 2 + (mod•
erate), 3.0 cm or more and less than 4.5 cm = 3 + (mod•
erate to severe) and 4.5 cm or more = 4 + (severe). The 
severity of regurgitation was classified as 0 in 43 cases, I + 
in 5, 2 + in 22, 3 + in 24 and 4 + in 15. The obtained 
results were compared with the four point scale classification 
of Sellers et al. (6) on the left ventriculogram (Fig. 4). The 
gradings based on both classifications agreed in 39 of 77 
cases of mitral regurgitation and differed by I grade in 37 
cases and by 2 grades in 1 case. The correlation coefficient 
was 0.87. 
Grading on the basis of the area of regurgitation. The 
severity of regurgitation was also graded on the basis of the 
area covered by the regurgitant signals. In the cases of a 
bifid regurgitant jet, the sum of the areas covered by both 
respective jets was used for further analysis. In cases of 
regurgitant signals observed in the initial half of systole, 
half of the area covered by the regurgitant signal was used 
for further analysis. 
The cases were classified on afour point scale according 
to the area of the region indicating regurgitant signals: less 
than 1.5 cm2 = I + (mild); 1.5 cm2 or more and less than 
3.0 cm2 = 2 + (moderate); 3.0 cm2 or more and less than 
4.5 cm2 = 3 + (moderate to severe); and 4.5 cm2 or more 
= 4+ (severe). The severity of regurgitation on the basis 
of area assessment was 0 in 43 cases, I + in 15, 2 + in II, 
\CC Vol 7. No I 
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:;'igure 5. Mitral regurgitant signal. Left panel, Regurgitant sig•
lals were imaged as a mosaic of blue and yellow by the two•
limensional Doppler flow imaging. Middle panel, Regurgitant 
i1gnals were recorded as a bidirectional wide-band spectrum by 
he conventional pulsed Doppler spectrogram. Right panel, Re•
~urgitant signals were recorded as a unidirectional flow signal with 
ligh velocity of about 5 m/s by the continuous wave Doppler 
ipectrogram. These findings reveal that the mosaic Doppler signals 
ndicate multiple aliasing of the high velocity regurgitant jet. Ab•
Jreviations as in Figure 2. 
3 + in 19 and 4 + in 21. The obtained results agreed with 
the classification of Sellers et al. (6) on the basis of left 
ventriculography in 37 of 77 cases. disagreed by 1 grade in 
36 cases and by 2 grades in 4 cases. The correlation coef•
ficient was 0.83. 
Discussion 
Significance of the new technique in estimating mitral 
regurgitation. We (7,8) previously analyzed mitral regur•
gitation using a combination of two-dimensional echocardi•
ography and the pulsed Doppler technique. However, in 
these studies it took more than 1 hour to determine the range 
covered by the Doppler signals of regurgitant flow on section 
planes in the left atrial cavity. Still, we were concerned that 
the whole aspect of the regurgitant signals was not com•
pletely caught. Compared with the previous method, the 
present technique showed the following significant advan•
tages: 1) Because the technique is very easy to use, it be•
comes feasible to thoroughly search the left atrium within 
a few minutes for the whole aspect of the regurgitant jet, 
being guided by the real-time two-dimensional flow image. 
2) Detailed data obtained with difficulty by conventional 
methods, such as variations in the duration, width and course 
of mitral regurgitant flow. are readily available with the new 
technique. 
The sensitivity of detection of mitral regurgitation by the 
new technique was about 86% compared with that by left 
ventriculography. This value is regarded as satisfactory at 
present, because left ventriculography is not necessarily a 
reference standard. Some cases may have had a false neg•
ative Doppler result because ofthe attenuation of ultrasound. 
However, the false negative results did not seem to be clin•
ically important because in all but one false negative case 
regurgitation was trivial or mild on the left ventriculogram. 
An advantage of the present technique in comparison 
with left ventriculography is that it enables one to contin•
uously observe the direction, course and temporal changes 
of the regurgitant jet. Thus, estimation of the severity of 
mitral regurgitation by this technique appears to be promising. 
Grading of the severity of mitral regurgitation. It would 
be desirable to have a noninvasive clinical method to eval•
uate the severity of mitral regurgitation. Our new technique 
enables one to visualize the spatial distribution of the mitral 
regurgitant jet in the left atrial cavity. so that noninvasive 
evaluation of severity of the mitral regurgitation can be 
anticipated. 
The grading scales for both Doppler flow imaging and 
left ventriculography were established as a matter of con•
venience for each technique. Therefore, these grades might 
not be expected to correspond exactly. Nevertheless, the 
grades by the Doppler technique and those based on left 
ventriculography appeared to correlate relatively well. 
Because the left atrium is relatively remote from the body 
surface, ultrasound reflected from it is barely received at 
the chest wall, sometimes because of attenuation as it trav•
els. Therefore, in general, the parasternal approach is thought 
to be more advantageous than the apical approach for as•
sessing mitral regurgitation from the chest wall. 
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Conclusions. 1) Mitral regurgitant flow is easily visu•
alized by the real-time two-dimensional Doppler flow im•
aging technique. 2) The examination time is much shorter 
by the Doppler flow imaging technique than by the con•
ventional pulsed Doppler technique. 3) Spatial orientation 
and extent of the mitral regurgitant jet are well demonstrated 
by the Doppler flow imaging technique. 4) Grading the 
severity of mitral regurgitation is done semiquantitatively 
based on the farthest distance reached and the area covered 
by the regurgitant signals, with a good correspondence with 
values obtained by left ventriculography. 5) The two•
dimensional Doppler flow imaging technique appears to be 
advantageous in assessing the presence and severity of mitral 
regurgitation, although its sensitivity could be somewhat 
improved. 
Addendum 
The mitral regurgitant jet usually spurted in a direction 
away from the transducer located on the apical region of 
the chest. Nevertheless, it was not necessarily colored blue. 
The control zone of the mitral regurgitant signals usually 
exhibited a mosaic pattern composed of yellow and blue 
similar to that in Figure 3. To study the meaning of this 
mosaic pattern, the fast Fourier transformation spectrogram 
of the Doppler signals sampled from the mosaic zone was 
examined. With the conventional pulsed Doppler technique, 
it exhibited a bidirectional wide-band spectrum, while with 
the continuous Doppler technique, it exhibited a unidirec•
tional spectrum showing a very high velocity of about 5 m1s 
(Fig. 5). These data show that the bidirectional spectrum 
obtained by the pulsed Doppler technique is not a real one 
but an apparent one resulting from multiple aliasing in the 
lACC Vol 7, No I 
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equipment. The mosaic pattern in the color flow image is 
also interpreted to indicate a very high velocity, in corre•
spondence with the multiple aliasing in the fast Fourier 
transformation spectrogram obtained by the pulsed Doppler 
technique. 
We are grateful to Fumiyo;hi Kasagi. MD for help with the statistIcal 
analYSIS, 
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